ABSTRACT H ∞ loop shaping is complicated controller and has high order. It is difficult to implement in practice. To overcome this problem, we propose an algorithm, Genetic Algorithms based Automatic Boundary Selection (GA-ABS) of Robust Η ∞ loop shaping control, to design a robust controller. GA-ABS is used to solve the fixedstructure Η ∞ loop shaping. Additionally, in the proposed technique, the Boundary Selection of Genetic Algorithms, which is normally difficult to select, is determined by using GA-ABS. The performance and robustness of the proposed controller are investigated in a buck converter in comparison with those of the controllers designed by conventional Η ∞ loop shaping and ISE (Integral Square Error) methods. Results of simulations demonstrate the advantages of a simple structure and robustness against plant perturbations and disturbances of the proposed controllers. Experiments are also performed to verify the effectiveness of the proposed technique.
INTRODUCTION
The wide use of DC-DC converters in industry and power electronic applications has fascinated the development of robustness control for the robust performance. Generally, DC-DC converters intrinsic nature of nonlinear, timevariant systems [1] . In previous research works, the linear models of these converters were derived by using linearization method [2] [3] . Some linear control techniques were applied to these converters based on the linear models [1, [4] [5] . NAIM, R., et.al. [4] , applied the H ∞ control to a boost converter. Three controllers; voltage mode, feed-forward and current mode control were investigated and compared the performance. G.C. loannidis and S.N. Manias [5] applied the H ∞ loop shaping control schemes for a buck converter. In their paper, the µ-analysis was used to examine the robust features of the designed controllers. Simone Buso [1] adopted the robust µ-synthesis to design a robust voltage controller for a buck-boost converter with current mode control. The parameter variations in the converter's transfer function were described in term of perturbations of linear fraction transformations (LFT) class.
In DC-DC converters, uncertainties from the operating point variations and components' tolerances, strongly affect to the dynamics of converters. These uncertainties can be considered in the controller design procedure by applying the robust control scheme. In robust control, H ∞ optimal control is a powerful technique to design a robust controller for system with uncertainties and disturbances. However, the controller designed by conventional H ∞ optimal control is complicated controller and has high order. It is not easily implemented for practical engineering applications. To overcome this problem, the approaches to design a robust control for structure specified controller were proposed in [6] [7] [8] . In [6] , a robust H ∞ optimal control problem with structure specified controller was solved by using genetic algorithm (GA). Bor-Sen.Chen. et. al. [7] , proposed a PID design algorithm for mixed H 2 /H ∞ control. In their paper, PID controller parameters were tuned in the stability domain to achieve mixed H 2 /H ∞ optimal control. Somyot and Manukid [8] proposed a genetic algorithm to solve the H ∞ loop shaping control design problem under the structure specified controller. They applied their proposed controller to a servo pneumatic system. A simple structure and robust controller was achieved by their proposed technique.
One of the advantages of H ∞ loop control shaping control is that the classical loop shaping design can be applied. This approach involves the robust stabilization to additive perturbations of normalized co-prime factors of a shaped plant. Uncertainties in this approach are modeled as co-prime factor uncertainty of the shaped plant which does not represent the uncertainty of the real plant.
In this paper, we proposed a fixed-structure H ∞ loop shaping control to design a robust controller for a BuckBoost converter. Our approach is based on the concept of H ∞ loop shaping control. In our proposed technique, we specify the controller structure and then evaluate the control's parameters by GA-ABS.
The remainder of this paper is organized as follows. Converter dynamics model is described in section 2. H ∞ loop shaping and the proposed technique are discussed in section 3. Section 4 demonstrates the design example and results. Finally, section 5 concludes the paper with some final remarks.
CONVERTER MODELING
A typical circuit of Buck-Boost converter with current mode control [1] is shown in Fig. 1 . Current mode control (CMC) is widely used in the DC-DC converter. The control system of this control scheme is typically twoloop system (voltage loop and current loop). The dynamic model of this converter from the current reference to output voltage is given by 2 1 3 ( 
H ∞ LOOP SHAPING CONTROL METHODOLOGY
This section illustrates the concepts of the standard H ∞ loop shaping control and the proposed technique.
Standard H ∞ Loop Shaping Control
H ∞ loop shaping control [12] is an efficient method to design a robust controller. This approach requires only a desired open loop shape in frequency domain. Two weighting functions, W 1 (pre-compensator) and W 2 (postcompensator), are specified to shape the original plant G o . In this approach, the shaped plant is formulated as normalized co-prime factor, which separates the plant G s into normalized nominator N s and denominator M s factors. Fig. 2 shows the co-prime perturbed plant and robust stabilization used in this approach.
If the shaped plant
, then a perturbed plant is written as [10, 11] 
Where ∆ Ns and ∆ Ms are stable, unknown representing the uncertainty satisfying ||∆ Ns , ∆ Ms || ≤ ε , ε is the uncertainty boundary, called stability margin. 2) Minimize ∞-norm of the transfer matrix T zw over all stabilizing controllers K , to obtain an optimal cost γ opt , as [13] 
To determine ε opt , there is a unique method explained in [14] . ε opt << 1 indicates that W 1 or W 2 designed in step 1 are incompatible with robust stability requirement. If ε opt is not satisfied (ε opt << 1) , then return to step 1 , adjust W 1 .
3) Select ε < ε opt and then synthesize a controller
Controller K ∞ is obtained by solving the optimal control problem. See [14] for more details.
Genetic Algorithms based Automatic Boundary Selection of Fixed-Structure H ∞ Loop Shaping Optimization
The controller, which is derived from H ∞ loop shaping method, is complicated controller and has a high-order. It is difficult to apply this controller in real works. Currently, the fixed-structure robust controller becomes an interesting research area because of their advantages in simple structure and acceptable controller's order. The genetic searching algorithm is adopted to solve this problem. However, the Boundary searching of genetic algorithm specified designed by experienced person conventional H ∞ optimal control is complicated controller and has high order. It is not easily select Boundary searching of genetic algorithm. In this paper, the Genetic Algorithms based Automatic Boundary Selection is adopted to solve this problem. Although the proposed controller is structured, it still retains the entire robustness and performance guarantee as long as a satisfactory uncertainty boundary ε is achieved. The proposed algorithm is explained as following.
Assume that the predefined structure controller K(p) has satisfied parameters p and the performance weighting function W 1 
Assume that W 1 and W 2 are invertible, form (5) then it is obtained that
By Substitution of (7) into (4), then the ∞-norm of the transfer function matrix from disturbances to states , ||T zw || ∞ , which is subjected to be minimized can be written as
(8) In this paper, GA is adopted to find the optimal control parameters p in the stabilizing controller K(p) such that the ||T zw || ∞ is minimized. The optimization problem can be written as As shown in the constraints of the above optimization problem, the performance specifications are specified in terms of algebraic or functional inequalities. For example, in the step response, the system may be required to have a rise-time less than 1000 µs., a steady state error less than 0.01% and an overshoot less than 1%. In this paper, the performance specifications are evaluated by plotting the desired open-loop shape and time domain response of the candidate of controller and weighting function. Thus, the fitness function in the controller synthesis can be written as ( )
if the constraints are met 0.0001 otherwise
The fitness is set to a small value (in this case is 0.0001) if K does not stabilize the plant.
Genetic Algorithms
Our proposed technique uses GA to solve the optimization problem in (9) . GA is well known as a biologically inspired class of algorithms that can be applied to any nonlinear optimization problem. This algorithm applies the concept of chromosomes, and the operations of crossover, mutation and reproduction [12] . At each step, called generation, fitness values of all chromosomes in population are calculated. Chromosome, which has the maximum fitness value (minimum cost value), is kept as a solution in the current generation and passed to the next generation. The new population of the next generation is obtained by performing the genetic operators such as crossover, mutation, and reproduction.
In summary, Genetic Algorithms based Automatic Boundary Selection may be proceed as following steps. Using the GA for solving large-scale optimization problems.
Using the GA for solving small-scale optimization problems. 3) Select a controller structure K(p) and initialize several sets of parameters p as population in the 1 st generation. Define the genetic parameters such as initial population size , crossover and mutation probability, maximum generation , etc.
4) Evaluate the cost function J cost of each chromosome using (8) . The fitness value is assigned as 1/J cost . Select the chromosome with minimum cost function as a solution in the current generation. For the first generation , Gen = 1. 5) Increment the generation for a step. 6) While the current generation is less than the maximum generation, create a new population using genetic operators and go to step 4. If the current generation is the maximum generation, then select a new range parameters for solving small-scale. 7) Evaluate the cost function J cost in small-scale. where η is the coefficient of limits boundary. 8) Check performances in both frequency and time domains. If the performance is not satisfied, such as too low ε (too low fitness function), then go to step 3 to change the control structure. Low ε indicates that the selected control structure is not suitable for the problem.
SIMULATION RESULTS
In this paper, a buck-boost converter is designed and studied. Converter's parameters and considered variation ranges used in this paper are given in Table 1 . 
Next, PI controller is investigated as a fixed-structure controller. The controller structure is expressed in (14). p 1 and p 2 are parameters that will be evaluated.
Select the GA parameters as following: population size = 100 , crossover probability = 0.7, mutation probability = 0.25, and maximum generation = 200 (100 generations for large-scale and 100 generations for small-scale). The controller parameters and weighting function parameters as following: 
By applying the H ∞ loop shaping method, the optimal stability margin (ε opt ) is founded at 0.673 (γ opt = 1.4859).
The ε = 0.64 is selected to synthesis the controller. 
A PI controller tuned by ISE method [13] with settling time close to that of the proposed controller (approximately 400 µsec) is added. 2800 19
Open loop bode diagrams are plotted in Fig. 6 (a) to verify the proposed algorithm. It is clearly shown that the loop shapes of H ∞ controller and proposed controller are close to the desired loop shape. Fig. 6 (b) shows the step responses of the optimal solutions from the proposed, the conventional H ∞ and PI controllers. As shown in this figure, the settling time of all step responses is about 400-600 µsec. To verify the robust performance, we change the converter's parameters as: R L = 30 Ω, V i = 10 V, L = 130 µH and C = 400 µF. The designed controllers in (18), (19) and (20) are adopted to control this perturbed plant.
The same controllers from the previous simulations are adapted to this perturbed plant. The performance is verified by using the step responses. As shown in Fig. 7 , the step responses are almost the same as the responses in nominal conditions. Experimental results verify that the proposed controller have good robust performance and can be applied for the buck-boost converter. Fig.7 show the step response of PI controller, overshoot occurs in the step response. The robust performance is poor.
CONCLUSION
Both of H ∞ loop shaping and our proposed technique can be applied to design a robust controller for a DC/DC converter. However, the proposed approach significantly improves in practical control viewpoint by simplifying the controller structure, reducing the controller order and still retaining the robust performance. Thus, the proposed technique considers not only the robust properties of shaped plant but also those of the real plant. In conclusion, by combining of the approaches, genetic algorithms, H ∞ loop shaping and graphical loop shaping; fixed-structure controller design can be achieved. The selection boundary of genetic algorithm is easy. Implementation in buck-boost converter assures that the proposed technique is valid and flexible.
